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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 
[Claim(s)] 

[Claim 1] The semiconductor device characterized by forming the polyimide resin whose 
coefficient of linear expansion is 30 ppm/degree C or less by 10-300-micrometer 
thickness as a sealing agent layer on the semiconductor device passivation film with 
which the metal electrode was formed. 

[Claim 2] The passivation film and the metal post for element electrodes of a 
semiconductor device were formed. On a wafer-like semiconductor device front face, the 
coefficient of linear expansion after imide-izing is 30 ppm/degree C or less. It heat-treats 
to the wafer-like semiconductor device in which the process which heats and sticks the 
polyamic-acid film of a semi-hardening state by pressure, and this polyamic-acid film 
were formed. The manufacture method of the semiconductor device characterized for 
the process at which a metal post front face is exposed, the process which makes a metal 
bump form in the exposed metal post front face, and the wafer in which the metal bump 
was formed by the bird clapper from rear-face polish and the process which carries out 
dicing after completing imide-ization. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention protects the integrated- 
circuit section of a semiconductor device, and is excellent in the electrical installation 
stability of a semiconductor device and an external device, and relates to the 
semiconductor device which made high density assembly possible especially a 
CHIPPUSU kale package (CSP), and its manufacture method. 
[0002] 

[Description of the Prior Art] After cutting conventionally the semiconductor integrated 
circuit equipment (IC) produced on the wafer for each chip as a manufacture method of 
CSP, installation of a bump electrode and the resin seal of IC surface protection were 
performed. On the other hand, it is although the wafer level package method which 
carries out closure fabrication collectively on wafer level is beginning to attract 
attention in recent years. As for CSP by this wafer level package method, the 
passivation film and the metal post for element electrodes of a semiconductor device 
were usually formed. On a wafer-like semiconductor device front face, by compression 



fabrication or transfer molding After forming an epoxy resin system sealing agent, a 
polyimide sealing agent front face is ground if needed. The process at which a metal 
post front face is exposed, the process which makes a metal bump form in the exposed 
metal post front face, and the wafer in which the aforementioned metal bump was 
formed are manufactured by taking rear-face polish and the process which carries out 
dicing. 

[0003] However, although it originates in the difference of the coefficient of linear 
expansion of a closure resin and a silicon wafer and curvature occurs after a resin seal, 
especially, with the wafer of a big diameter 8 inches or more, curvature becomes 
remarkable, a back process becomes difficult and the package manufactured by such 
method poses a big problem on manufacture. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention forms low-fever expansion 
polyimide resin with the coefficient of linear expansion near it of a silicon wafer, and 
using the polyamic-acid film which was moreover excellent in processability, the 
curvature after a resin seal is small and it aims at acquiring CSP by the wafer level 
package method which is moreover excellent in reliability, and its manufacture method. 
[0005] 

[Means for Solving the Problem] this invention on the semiconductor device passivation 
film with which the metal electrode was formed namely, as a sealing agent layer The 
semiconductor device with which the polyimide resin whose coefficient of linear 
expansion is 30 ppm/degree C or less is characterized by being formed by 10-300- 
micrometer thickness, And the passivation film and the metal post for element 
electrodes of a semiconductor device were formed. On a wafer-like semiconductor device 
front face, the coefficient of linear expansion after imide-izing is 30 ppm/degree C or less. 
It heat-treats to the wafer-like semiconductor device in which the process which heats 
and sticks the polyamic-acid film of a semi-hardening state by pressure, and this 
polyamic-acid film were formed. After completing imide-ization, a polyimide sealing 
agent front face is ground if needed. It is the manufacture method of the semiconductor 
device characterized for the process at which a metal post front face is exposed, the 
process which makes a metal bump form in the exposed metal post front face, and the 
wafer in which the metal bump was formed by the bird clapper from rear-face polish 
and the process which carries out dicing. 
[0006] 

[Embodiments of the Invention] Since it was difficult to have and carry out the 
fabricating operation of the softening temperature since coefficient of linear expansion 



generally has structure with a low polyimide film upright as a molecule skeleton, in 
spite of having excelled in reliability, it was difficult to use. On the other hand, this 
invention can give processability by using the film of the polyamic acid which is a 
precursor, and, moreover, after imide-izing comes to complete this invention paying 
attention to the upright outstanding polyimide and outstanding upright bird clapper of 
the low reliability and the thermal resistance of coefficient of linear expansion. 
[0007] In this invention, although the polyamic-acid film with which the coefficient of 
linear expansion after imide-izing may become in degree C and 30 ppm /or less near a 
silicon wafer is used with the gestalt generally formed on the mold release film, a mold 
release film may be exfoliated and used for it if needed. The polyamic-acid films with a 
mold release film are well-known application meanses, such as a roll coater, a rotary 
coating machine, a knife coating machine, a doctor blade, and a flow coater, on a mold 
release film, after they carry out the flow casting application of the polyamic-acid 
solution, stoving of them can be carried out, and they can be obtained by making the 
film-like polyamic acid of a semi-hardening state form on a mold release film. Moreover, 
it is also possible by carrying out thermocompression bonding of the polyamic-acid film 
planes if needed to make it rival and to consider as a polyamic-acid film with thick 
thickness. 

[0008] In this invention, 80-200 degrees C and 5 - 30 minutes are suitable as conditions 
in which dry a polyamic-acid solution and the polyamic-acid film of a semi-hardening 
state is made to form. When ( that temperature is lower than this ] time is short, in case 
heating sticking by pressure is carried out with a wafer, a fluidity is large, exudation is 
large and the variation in film ** also becomes large. Moreover, when [ that 
temperature is higher than this ] time is long, in case it is heated and stuck by pressure 
with conductive foil, a fluidity is too small, adhesion with a wafer and the resin 
embedding nature to a metal post fall, and generating of a void increases. 
[0009] the rate of imide-izing in a polyamic-acid film state 10 - 50% it should wish - 
20 - 40% is desirable It becomes difficult that the remaining workability has [ the rate of 
imide-izing ] bad tuck nature at less than 10% and to paste a mold release film tooth 
back, after rolling round, and to isolate a film one sheet at a time. A melting property 
becomes bad, and even if it doubles and carries out thermocompression bonding of the 
polyamic-acid side, it stops moreover, fully unifying, if imide-ization is performed 50% 
or more. As for the thickness of the polyimide resin used as a closure layer, it is 
desirable to exceed 10 micrometers from the purpose which protects a semiconductor 
device and secures the reliability as a package. It leads [ also spoil about / that 
curvature becomes remarkable on the other hand although it excels in reliability when 



it is 300 micrometers or more in thickness, or a foam is generated at the time of imide- 
izing /, and productivity, and ] to a cost rise and is not desirable. 

[0010] As conditions which heat and stick polyamic-acid films, and a polyamic-acid film 
and a wafer by pressure In the case of press form, in the case of a roll formula laminator, 
for 70-200 degrees C, 5 - 100 kg/cm2, and 5 to 30 minutes 70-200-degree-C, 1 - 500 
kg/cm, and 0.1-50m conditions for /are suitable, and it has [ generating of volatile 
matter ] carrying out at the temperature which is not not much high and is more 
desirable than the drying temperature of a polyamic-acid film especially as temperature. 
If the atmosphere made to rival at this time is a vacuum, since generating of a void is 
mitigable, it is more desirable. 

[0011] Although the polyamic-acid film which the mold release film attached exfoliates a 
mold release film to the wafer with which the passivation film and the metal post for 
element electrodes of a semiconductor device were formed the whole mold release film 
and fully performs imide-ization to it by heating after it heats and sticks a polyamic- 
acid film plane by pressure, you may use it in the state where it exfoliated with the mold 
release film, by devising a cushion. Moreover, it is also possible to pile up the polyamic- 
acid film of several sheets simultaneously at this time, and to form the thick closure 
resin layer of thickness at once. 

[0012] The polyamic acid in this invention is obtained by making a diamine and an acid 
anhydride usually react. As a diamine, a diamino benzophenone, a phenylenediamine, a 
benzidine, a diamino diphenyl ether, a diamino diphenylme thane, a diaminodiphenyl 
sulfone, etc. can be used, trimellitic anhydride, pyromellitic acid 2 anhydride, biphenyl 
tetrapod carboxylic-acid 2 anhydride, benzophenone tetrapod car boxy lie- acid 2 
anhydride, etc. can be used as an acid anhydride, and it can use, respectively, combining 
suitably one sort or two sorts or more. However, the coefficient of linear expansion after 
imide-izing becomes in degree C and 30 ppm /or less, and if it is in the combination 
which does not spoil film physical properties, it will not be limited to the combination of 
these monomers. 

[0013] Furthermore, it is the range which does not spoil a performance and it is also 
possible to add various additives, such as a filler and other resins, simultaneously. 
Although it is necessary to choose the combination which the coefficient of linear 
expansion after imide-izing becomes in degree C and 30 ppm /or less at this time, when 
using for a major- diameter wafer 8 inches or more, degree C is more desirable in 20 ppm 
/or less. Although based also on the elastic modulus of a resin, or the thickness of a 
wafer, if coefficient of linear expansion generally exceeds degree C in 30 ppm /, it will 
become it is large and remarkable curling [ which is generated at the time of cooling 



after imide-izing ] the difference of an expansion coefficient with a wafer, and the 
alignment in a back process etc. will become difficult. 

[0014] As a material which can be used as a mold release film which forms a polyamic- 
acid film, plastic film, such as polypropylene, polyester, a polyether ape phon, a 
polyimide, and polyethylene, is mentioned. 

[0015] Although the conditions of the formation of heating imide change with 
composition of a resin, and thickness, generally they are heated to the temperature 
more than the glass transition temperature (Tg) of a resin. In order to make it foaming 
not take place, it is desirable to heat-treat gradually from low temperature if needed. 
Since a wafer may be deformed or damaged in order that the solvent volatilization in a 
resin solution and the condensation water volatilization accompanying imide-izing may 
take place simultaneously and may carry out a volumetric shrinkage at this time,, it is 
desirable to fix by a certain method if needed. Moreover, in order to prevent oxidization 
of a metal post or a wafer, heat-treating in an inactive atmosphere is desirable. 
[0016] Although a polyimide closure resin front face is ground if needed and a metal 
post front face is exposed after imide-izing when the metal post front face is being worn 
by remains of a resin coat, the method of polish can also use dry processes, such as 
plasma besides mechanical polish, and laser. Next, after forming metal bumps, such as 
a solder ball, in the exposed metal post front face, rear-face polish of a wafer is given 
and dicing is carried out to the letter of a chip. 
[0017] 

[Example] Hereafter, although an example explains this invention concretely, this 
invention is not limited at all by this. 

[0018] (Synthetic example 1) Anhydrous p phenylenediamine 108g equipped with a 
thermometer, churning equipment, the reflux capacitor, and the dryness nitrogen gas 
blowing- in mouth refined to the 4-inlet separable flask was taken, and only the amount 
from which the solid -content rate in [ all ] a brewing raw material becomes 20% of the 
weight about 90 % of the weight of anhydrous N-methyl-2-pyrrolidones and the 
partially aromatic solvent of 10 % of the weight of toluene was applied, and it dissolved 
at this. Dryness nitrogen gas was crossed to all the processes to product ejection from 
the preparation stage of a reaction, subsequently, refined anhydrous 3, 3 f , 4, and 4' - 
although 294g of - biphenyl tetrapod carboxylic-acid 2 anhydrides was added small 
quantity every, agitating, since it was exothermic reaction, the external tank was made 
to circulate through about 15-degree C cold water, and this was cooled Internal 
temperature was set as 20 degrees C after addition, it agitated for 5 hours, the reaction 
was ended, and the polyamic-acid solution A was obtained. 



[0019] Using this polyamic-acid solution, on the glossy surface of copper foil, it applied 
directly so that the thickness after imide-izing might be set to 25 micrometers, it was 
carried out at 30 minutes and 200 degrees C by 100 degrees C, and stoving was carried 
out at 350 degrees C by 300 degrees C for 30 minutes for 30 minutes for 30 minutes, and 
after imide-izing, the polyimide film was obtained by etching copper foil completely and 
removing it. When the coefficient of linear expansion of the obtained film was measured 
in 50-150 degrees C using apparatus for thermomechanical analysis (TMA), it was 10 
ppm/degree C. 

[0020] (Synthetic example 2) A thermometer, churning equipment, a reflux capacitor, 
and a dryness nitrogen gas blowing-in mouth. Refined anhydrous 2 and 2-screw (4-(3- 
amino phenoxy) phenyl) propane 410g was taken, and only the amount from which the 
solid-content rate in [ all ] a brewing raw material becomes 20% of the weight about 
90 % of the weight of anhydrous N-methyl-2-pyrrolidones and the partially aromatic 
solvent of 10 % of the weight of toluene was applied to this, and it dissolved in the 4- 
inlet separable flask which it had. Dryness nitrogen gas was crossed to all the processes 
to product ejection from the preparation stage of a reaction, subsequently, refined 
anhydrous 3, 3', 4, and 4' -- although 322g of powder of - benzophenone tetrapod 
carboxylic-acid 2 anhydride was added small quantity every, agitating, since it was 
exothermic reaction, the external tank was made to circulate through about 15-degree C 
cold water, and this was cooled Internal temperature was set as 20 degrees C after 
addition, it agitated for 5 hours, the reaction was ended, and the polyamic-acid solution 
B was obtained. 

[0021] Using this polyamic-acid solution, on the glossy surface of copper foil, it applied 
directly so that the thickness after imide-izing might be set to 25 micrometers, it was 
carried out at 30 minutes and 200 degrees C by 100 degrees C, and stoving was carried 
out at 350 degrees C by 300 degrees C for 30 minutes for 30 minutes for 30 minutes, and 
after imide-izing, the polyimide film was obtained by etching copper foil completely and 
removing it. When the coefficient of linear expansion of the obtained film was measured 
in 50-150 degrees C using TMA, it was 54 ppm/degree C. 

[0022] (Example 1) On the commercial mold release film (polyester film), by the roll 
coater, this polyamic-acid solution A was applied so that the thickness after imide-izing 
might be set to 25 micrometers, 110 degrees C and 15-minute dryness were performed, 
and the polyamic-acid film to which the mold release film was attached was obtained. 
The field of this polyamic-acid film was laid on top of the 8 inch silicon wafer with which 
the passivation film and the metal post for element electrodes of a semiconductor device 
were formed, and 90 degrees C, and 40kg [/cm ] 2 or 15-minute heating and sticking by 



pressure were performed under reduced pressure using the vacuum press. Then, having 
removed the mold release film and fixing a wafer end face under an inert atmosphere 
using nitrogen oven, it was performed at 200 degrees C, heating was performed at 380 
degrees C for 1 hour for 30 minutes, and imide-ization was completed. 
[0023] After cooling to a room temperature, when the wafer was put on the smooth side 
and the difference of the height of the highest point and the minimum point was 
measured, it is 30 micrometers and a wafer with a sealing agent with little curl, and the 
post-work described below was able to be done duly. That is, after forming a solder ball 
in the metal post front face which ground the polyimide closure resin front face 
mechanically, was made to expose a metal post front face, and was exposed, the CSP 
type semiconductor device was obtained by giving rear-face polish of a wafer and 
carrying out dicing to the letter of a chip. 

[0024] (Example 2) On the commercial mold release film (polyester film), by the roll 
coater, the polyamic-acid solution A was applied so that the thickness after imide-izing 
might be set to 40 micrometers, 110 degrees C and 15-minute dryness were performed, 
and the polyamic-acid film which the mold release film attached was obtained. Two 
sheets, it piled up so that polyamic-acid film planes might face each other using the 
polyamic-acid film to which the obtained mold release film was attached, and after 
performing heating and sticking by pressure by part for 90-degree-C, 100 kg/cm, and 
0.5m/and considering as a polyamic-acid laminated film using a roll-type laminator, the 
mold release film of one side was exfoliated and the polyamic-acid film with which the 
mold release film stuck to one side was obtained. 

[0025] Next, the field of this polyamic-acid film was laid on top of the 8 inch silicon 
wafer with which the passivation film and the metal post for element electrodes of a 
semiconductor device were formed, and 90 degrees C, and 40 kg/cm 2 or 15-minute 
heating and sticking by pressure were performed under reduced pressure using the 
vacuum press. Then, having removed the mold release film and fixing a wafer end face 
under an inert atmosphere using nitrogen oven, it carried out at 1 hour and 300 degrees 
C, and heated [ 100 degrees C ] 1 hour and in the shape of a step at 380 degrees C by 1 
hour and 200 degrees C for 1 hour, and imide-ization was completed. 
[0026] When the wafer was put on the smooth side after cooling and the difference of the 
height of the highest point and the minimum point was measured, it is 80 micrometers 
and a wafer with a sealing agent with little curl, and the post-work described below was 
able to be done duly. That is, after forming a solder ball in the metal post front face 
which ground the polyimide closure resin front face mechanically, was made to expose a 
metal post front face, and was exposed, the CSP type semiconductor device was 



obtained by giving rear- face polish of a wafer and carrying out dicing to the letter of a 
chip. 

[0027] (Example 1 of comparison) Like the example 2, on the commercial mold release 
film (polyester film), by the roll coater, the polyamic-acid solution A was applied so that 
the thickness after imide-izing might be set to 40 micrometers, 110 degrees C and 15- 
minute dryness were performed, and the polyamic-acid film which the mold release film 
attached was obtained. In order to make 20 things which exfoliated the mold release 
film of the obtained polyamic-acid film with a mold release film rival the 8 inch silicon 
wafer with which the passivation film and the metal post for element electrodes of a 
semiconductor device were formed by [ as setting the thickness sum total after imide- 
izing to 800 micrometers in piles ], the vacuum press was used and 90 degrees C, and 40 
kg/cm 2 or 30-minute heating and sticking by pressure were performed under reduced 
pressure. 

[0028] It has damaged without the ability of a wafer bearing a volumetric shrinkage, 
when 1 hour was performed at 1 hour and 300 degrees C and it heated [ 100 degrees C ] 
to the shape of 1 hour and a step at 380 degrees C by 1 hour and 200 degrees C, fixing a 
wafer end face under an inert atmosphere although it was satisfactory in the 
appearance after a press using nitrogen oven after that. Moreover, observation of the 
portion to which the closure resin is attached had also generated air bubbles in the 
cause [ that thickness is thick ] or some places. 

[0029] (Example 2 of comparison) On the commercial mold release film (polyester film), 
by the roll coater, the polyamic-acid solution B was applied so that the thickness after 
imide-izing might be set to 25 micrometers, 110 degrees C and 15-minute dryness were 
performed, and the polyamic-acid film which the mold release film attached was 
obtained. The field of a polyamic-acid film was laid on top of the 8 inch silicon wafer 
with which the passivation film and the metal post for element electrodes of a 
semiconductor device were formed, and 90 degrees C, and 40 kg/cm 2 or 15-minute 
heating and sticking by pressure were performed under reduced pressure using the 
vacuum press. Then, having removed the mold release film and fixing a wafer end face 
under an inert atmosphere using nitrogen oven, heating was performed at 380 degrees 
C for 1 hour, and imide-ization was completed. When the wafer was put on the smooth 
side after this, the difference of the height of the highest point and the minimum point 
was measured, it was 430 micrometers and the big wafer with a sealing agent of curl 
and post-work was done, trouble was not able to be caused to alignment etc., and work 
was not able to be done. 
[0030] 



[Effect of the Invention] It is the manufacture method of a semiconductor device of the 
curvature of this invention after a resin seal having been small by using the polyamic- 
acid film which formed low thermal-expansion polyimide resin with the coefficient of 
linear expansion near it of a silicon wafer, and was excellent in processability, could 
manufacture easily CSP by the wafer level package method which was moreover 
excellent in reliability and thermal resistance with sufficient productivity and having 
excelled industrially. 



Abstract: 

PROBLEM TO BE SOLVED: To provide a method for easily manufacturing a CSP 
semiconductor device of a wafer level package with good productivity, which is less 
warped after resin sealed and has excellent reliability and heat resistance, 
SOLUTION: A semiconductor device is manufactured through steps of heating and 
compressing a polyamic acid film in a semi-hardened state having a coefficient of linear 
expansion of 30 ppm/°C or less after imidization on a surface of a wafer-like 
semiconductor element formed with a passivation film and a metallic post for an 
electrode of a semiconductor element, heat treating the wafer-like semiconductor 
element formed with the polyamic acid film to complete the imidization and then 
polishing the surface of polyimide sealing material to expose the surface of the metallic 
post as necessary, forming a metallic bump on the exposed surface of the metallic post, 
and polishing the rear surface of the wafer formed with the metallic bump and dicing 
the wafer. 



